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Abstract:On the basis of the acoustic emission for rock under cyclic loading and unloading，the characteristics
for the loss ratio and loading-unloading response ratio of rocks is studied，and the evolution of the internal damage in
the course of loading and the precursor characteristics of failure are explored． The results show that the variation
characteristics of loss ratio of three kinds of rocks like hrnfelswere are consistent under loading and unloading
conditions;The loss ratio is relatively large in the low stress level stage，and it shows a clear downward trend． After
entering the medium stress level，the ratio decreases with a relatively flat trend． In higher stress level，the ratio tends
to be stable，and the specimen fails at 0．08～0．10． At the same time，the variation characteristics of loading-unloading
response ratio of three kinds of rocks like tungsten and molybdenum ores are consistent． There were almost no acoustic
emission at the unloading stage in the low stress level stage，and the loading-unloading response ratio were relatively
large． Acoustic emission was more active at the unloading stage in the medium stress level，and the ratio dropped to
about 1． In higher stress level，acoustic emission was very active at unloading stage，and the specimen failed when the
ratio increased over 1 again． The results reflect the process of rock internal damage from small to steady expansion and
then to unstable expansion． So the variation characteristics of loss ratio and loading-unloading response ration can be
used to evaluate the damage of rock，and also can be used as a reference for prediction of rock failure．






























































图 2 岩石力学试验机和 MICＲO-II-32声发射系统
Fig．2 Ｒock mechanical test machine and acoustic




块 PCI 卡组成，最大可用通道数有 16 个，采样频
率为 1～400 kHz的带宽，最大信号增益幅度为 100
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Fig． 4 Determination of loss ratio caused by internal


































































平阶段，岩石损耗比都在 0．1 ～ 0．2 之间波动，但整
体呈下降趋势且逐渐趋于平缓，说明在该阶段的循
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表 1 岩样在循环加卸载下的声发射数比
Table 1 The acoustic emission ratio of rock samples
under cyclic loading and unloading
岩样
循环加卸载声发射数比
2 3 4 5 6
花岗岩 — — 3 /1．5 2．25 /1．75 2 /1．5
钨钼矿 — — 14．25 /3．5 60 /86．75 161．75 /151．5
铅锌矿 18 /2 14．5 /4．5 19．75 /18 88．75 /47．5 176．75 /223
岩样
循环加卸载声发射数比
7 8 9 10 11
花岗岩 3．25 /2 12．5 /8．75 20 /27．25 273．75 /281154．5 /48．25
铅锌矿 162 /188．5 190 /226 105 /45
图 7 加卸载响应比变化曲线

































前加卸载响应比均在 1 左右) ，所以一般对加卸载
响应比约为 1 时着重进行分析。钨钼矿在第 5 次
循环时所对应的循环最大应力占峰值应力的
67%;花岗岩在第 9 次、第 10 次循环所对应的循环
最大应力分别占峰值应力的 71%和 82%;铅锌矿




力占峰值应力的 67% ～ 85%。这说明加卸载响应
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